Abstract. Macrophage apoptosis and inflammation serve pivotal roles in the occurrence of atherosclerosis. However, the detailed underlying mechanism of macrophage action during atherosclerosis is poorly understood. Tumor necrosis factor-α-induced protein 8-like 2 (TIPE2) is a well-known negative regulator of the immune response. The current study assessed the association between TIPE2 and apoptosis-associated molecules in macrophages during atherosclerosis, as well as the role of TIPE2 in macrophage inflammation. RAW264.7 macrophages were subsequently transfected with a TIPE2 expression plasmid. Following oxidized low-density lipoprotein (oxLDL) induction (100 µg/m1) for 48 h, macrophage apoptosis was assessed via Annexin V/propidium iodide dual staining. The apoptosis-associated factors and Akt signaling pathway-associated factors were also evaluated via western blot analysis. The expression of inflammatory factors was determined via a reverse transcription-quantitative polymerase chain reaction assay and western blotting. Furthermore, a transwell assay was performed to test cell invasion ability. NF-κB phosphorylation and nuclear translocation were also assessed via western blotting. The results demonstrated that TIPE2 overexpression may promote oxLDL-induced RAW264.7 macrophage apoptosis by inhibiting the protein kinase B (Akt) signaling pathway. Furthermore, it was demonstrated that TIPE2 significantly reduced oxLDL-induced tumor necrosis factor alpha (TNF-α), interleukin-6 (IL-6) and monocyte chemoattractant protein 1 expression (MCP-1), and increased IL-10 expression by suppressing NF-κB phosphorylation and nuclear translocation in RAW264.7 macrophages. These results indicated that TIPE2 serves a protective role in oxLDL-induced RAW264.7 macrophages, and its mechanism may partly be exerted via the inhibition of the PI3K/Akt signaling pathway and the reduction of the macrophage inflammatory response achieved via the suppression of NF-κB signal activation.
Introduction
Atherosclerosis is a chronic inflammatory disease of the arterial wall arising from an unbalanced lipid metabolism and a maladaptive inflammatory response (1) . Previous evidence has demonstrated that atherosclerosis commonly occurs in the sub-endothelial space (intima) of medium-sized arteries around disturbed blood flow and is induced by an interaction between endothelial dysfunction and sub-endothelial lipoprotein retention (2) . Statistical analysis has also revealed that atherosclerosis is a leading cause of mortality, potentially at an early age (3) . Hyperlipidemia, monocyte recruitment, differentiation into macrophages, foam cell formation and induced inflammation are key cellular processes that result in atherosclerosis (4) . Although its pathogenesis is not fully understood, atherosclerosis is a complex chronic inflammatory disease, in which continuous dyslipidemia and inflammation serve important roles (5) . Atherosclerosis-associated inflammation is triggered by certain atherogenic lipid mediators, including oxidized low-density lipoprotein (oxLDL), which is a primary risk factor for the occurrence and development of atherosclerosis (6) . Additionally, various types of cytokines release pro-inflammatory and anti-inflammatory factors at all atherosclerotic stages (7, 8) .
Tumor necrosis factor-α (TNF-α)-inducible protein 8-like 2 (TIPE2) is a novel protein that is crucial for the regulation of immune homeostasis. It shares considerable sequence homology with members of the TNF-α-inducible protein 8 family, which are also known to maintain cellular and immune homeostasis (9, 10) . It has been demonstrated that murine TIPE2 deficiency contributes to certain inflammatory diseases, including childhood asthma and that the aberrant expression of TIPE2 is associated with various human infectious diseases and autoimmune disorders, including systemic lupus erythematosus, asthma, hepatitis B and stroke (10) (11) (12) (13) . Furthermore, a previous study has demonstrated that TIPE2 accelerates the differentiation of M2 macrophages by activating the phosphoinositide 3-kinase (PI3K)-protein kinase B TIPE2 suppresses atherosclerosis by exerting a protective effect on macrophages via the inhibition of the Akt signaling pathway (AKT) signaling pathway and may therefore produce important effects during the resolution of inflammation and tissue repair (14) . Additionally, it has been revealed that TIPE2 promotes Fas-induced apoptosis by inhibiting the activation of activating protein-1 and nuclear factor-κB (NF-κB) by binding to caspase-8 (9) . Although TIPE2 has become a key molecule in the prevention of inflammatory diseases, its mechanism is still unclear. The current study hypothesized that TIPE2 may serve a protective role in atherosclerosis by negatively regulating macrophages and inflammation. A series of in vitro experiments were designed and performed in the present study to confirm this hypothesis.
Materials and methods
Cell culture and grouping. RAW264.7 macrophages obtained from the American Type Culture Collection (Manassas, VA, USA) were cultured in Dulbecco's Modified Eagle's medium (DMEM; Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) containing 10 % fetal bovine serum (FBS, Gibco; Thermo Fisher Scientific, Inc.) and 1% penicillin/streptomycin at 37˚C in a humidified incubator with 5% CO 2 . The medium was changed once every 1-2 days and the cells at logarithmic growth phase were selected for subsequent experimentation. Cells were inoculated into 6-well plates at a density of 5x10 5 cells/well, with two duplicated wells for each group. According to the manufacturer's protocol, pRK5-mock or pRK5-TIPE2 vectors (Invitrogen; Thermo Fisher Scientific, Inc.) were transfected into RAW264.7 cells using the X-treme GENE HP DNA transfection reagent (Roche Diagnostics, Basel, Switzerland) and incubated with oxLDL (Anhui Yiyuan Biotechnology Co., Ltd., Anhui Sheng, China) at room temperature for 48 h. Serum-free RNA (µg) and transfection solution (µl) was then added in a ratio of 1:3 (provided as part of the X-treme GENE HP DNA kit). Following transfection for 6 h, the original culture medium was replaced with DMEM medium and cells were further incubated for culture at 37˚C. Following 48 h, cells were harvested for subsequent experimentation. Cells were then assigned into blank (containing complete medium), oxLDL (100 µg/ml oxLDL), oxLDL + pRK5-mock (100 µg/ml oxLDL with the pRK5 empty vector), and oxLDL + pRK5-TIPE2 (100 µg/ml oxLDL with pRK5-TIPE2 the plasmid) groups.
RNA isolation and quantitation. Total RNA was extracted from cells using the TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.). Reverse transcription was then performed using the M-MLV Reverse Transcription system (Takara Biotechnology Co., Ltd., Dalian, China). The reaction conditions were as follows: 42˚C for 2 min, 95˚C for 5 sec and 37˚C for 15 min. obtained cDNA was subsequently stored at 4˚C until further use. RNA samples (1 µg) were selected for quantitative polymerase chain reaction (qPCR) and the obtained complementary DNA was analyzed three times using SYBR Green (Takara Bio, Inc., Otsu, Japan). The ABI7500 quantitative PCR instrument (Applied Biosystems; Thermo Fisher Scientific, Inc.) was utilized for qPCR. The thermocycling conditions were as follows: Pre-denaturation at 95˚C for 10 min, denaturation at 95˚C for 10 sec, annealing at 60˚C for 20 sec and extension at 72˚C for 34 sec, with a total of 40 cycles. Relative mRNA concentrations were determined using the 2 -ΔΔCq (15) , with Cq representing the mean threshold cycle difference following normalization to β-actin expression. Each experiment was repeated three times. The following primer sequences were utilized: TNF-α forward, 5'-ACC CTC ACA CTC AGA TCA TCT TC-3' and reverse, 5'-TGG TGG TTT GCT ACG ACG T-3'; monocyte chemoattractant protein 1 (MCP-1) forward, 5'-CAC AAC CAC CTC AAG CAC T-3' and reverse, 5'-AGG CAT CAC AGT CCG AGT CA-3'; interleukin (IL)-6 forward, 5'-AGC CCT GAG AAA GGA GAC ATG TA-3' and reverse, 5'-GGA GTG GTA TCC TCT GTG AAG TCT-3'; IL-10 forward, 5'-TGG CCC AGA AAT CAA GGA GC-3' and reverse, 5'-CAG CAG ACT CAA TAC ACA CT-3'; β-actin forward, 5'-GGC TGT ATT CCC CTC CAT CG-3' and reverse, 5'-CCA GTT GGT AAC AAT GCC ATG T-3'.
Annexin V/propidium iodide (PI) dual staining. Cell apoptosis was detected using the dual staining Annexin V/PI Apoptosis Detection kit (Nanjig Keygen Biotech Co., Ltd., Nanjing, China) under a Cytomics FC500 flow cytometer (Beckman Coulter, Inc., Brea, CA, USA). The percentage of apoptotic cells in each quadrant was calculated using Flow Jo Software version 7.2.2 (FlowJo LLC, Ashland, OR, USA). Each experiment was performed three times.
Transwell inserts assay. Matrigel (30 µl) dissolved overnight and diluted with FBS-free DMEM in triplicate volumes was added to the wells in the upper chamber at 15 min intervals. Each well in the upper chamber was inoculated with 2x10 4 cells. DMEM (0.5 ml) containing 10% FBS was added to each well of the lower chamber. Following incubation at 37˚C for 24 h, cells were fixed with 4% paraformaldehyde for 20-30 min at room temperature and stained with 0.1% crystal violet for 30 min at room temperature to remove any uninfected cells from the upper chamber. Subsequently, cells were washed using 0.1 M PBS. Cells were then counted and photographed in randomly selected fields under a light microscope (magnification, x200). The experiment was repeated three times and the mean value of cells that passed through the Matrigel was analyzed to determine cell invasion.
Protein extraction. Cells were washed with PBS and lysed with radioimmunoprecipitation lysis buffer (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) based on the manufacturer's protocol. Cell supernatants were collected as whole cell lysates following centrifugation at 12,000 x g for 15 min at 4˚C. Nuclear and cytoplasmic proteins were extracted using a nuclear and cytoplasmic protein extraction kit (Beyotime Institute of Biotechnology, Haimen, China). Cells were then dissolved with cytoplasmic protein extraction agent A (provided by the protein extraction kit) and incubated for 1 min on ice after vortexing (VWR Digital minivortexer, cat. no. 58816-121; VWR International Ltd., Lutterworth, Leicestershire, UK) at maximum speed for 5 sec. Subsequently, cytoplasmic protein extraction agent B (provided by the protein extraction kit) was added and the cells were incubated on ice for 1 min after vortexing at maximum speed for 10 sec. Samples were centrifuged at 12,000 x g for 5 min at 4˚C and the supernatants containing cytoplasmic extracts were collected. A nuclear protein extraction agent (provided in the protein extraction kit) was added to the pellet and then shaken manually 15-20 times for 30 min on ice. The supernatants containing nuclear extracts were obtained following further centrifugation at 12,000 x g for 5 min at 4˚C. Protein concentrations were quantified and normalized using the bicinchoninic acid protein assay.
Western blot analysis. Protein was extracted from cells as aforementioned and separated (50 µg) using 10% SDS-PAGE and transferred to polyvinylidene fluoride membranes (EMD Millipore, Billerica, MD, USA). Following blocking with 5% non-fat milk in TBST for 1 h at room temperature, membranes were incubated with the following specific antibodies at 4˚C overnight: Anti-caspase3 (1:500; cat. no. ab4051; Abcam, Cambridge, UK), anti-TNF-α (1:1,000; cat. no. ab90437; Abcam), anti-MCP-1 (1:2,000; cat. no. ab7202; Abcam), anti-IL-6 (1:1,000; cat. no. sc-130326; Santa Cruz Biotechnology, Inc., Dallas, TX, USA), anti-IL-10 (1:2,000; cat. no. ab3483; Abcam), anti-phosphorylated (p)-NF-κB p65 (Ser 536; 1:1,000; cat. no. 3033; Cell Signaling Technology, Inc.,), anti-NF-κB p65 (1:1,000; cat. no. 59674; Cell Signaling Technology), anti-p-Akt (1:1,000; cat. no. 38449; Abcam), anti-total(t)-Akt (1:1,000; cat. no. 179463; Abcam), anti-Histone H3 (1:1,000; cat. no. H0164; Sigma-Aldrich; Merck KGaA) and anti-β-actin (1:1,000; cat. no. 1791; Sigma-Aldrich; Merck KGaA). Membranes were then washed three times TBST (for 10 min each). Horseradish peroxidase (HRP) conjugated rabbit anti-mouse IgG-H&L (cat. no. ab6728; 1:5,000; Abcam) and HRP conjugated goat anti-rabbit IgG-H&L (cat. no. ab6721; 1:5,000; Abcam) against primary antibodies were also added to the membranes and incubated at room temperature. Membranes were washed as aforementioned at room temperature with shaking. An ECL Western blot detection kit (EMD Millipore, Billerica, MA, USA) was used for visualization. Relative protein levels were quantified using ImageJ software version 1.0 (National Institutes of Health, Bethesda, MD, USA).
Statistical analysis. All calculations were performed using SPSS 19.0 (IBM Corp., Armonk, NY, USA) and all experiments were repeated three times, with data being expressed as the mean ± standard deviation. Statistical analysis was performed using a Student's t-test. P<0.05 was considered to indicate a statistically significant result.
Results
TIPE2 promotes macrophage apoptosis. RAW264.7 macrophages were transfected with the TIPE2 expression plasmid pRK5-TIPE2 (pRK5-TIPE2 group) and the pRK5-mock plasmid (control group). Following transfection for 48 h, TIPE2 expression was detected via reverse transcription (RT)-qPCR and western blotting. The results revealed that TIPE2 mRNA and protein expression (Fig. 1A and B) in the pRK5-TIPE2 group was significantly higher than that of the pRK5-mock group (P<0 05). This indicates the successful construction of the TIPE2 overexpression vector.
To verify the effect of TIPE2 on the apoptosis of oxLDL-induced RAW264.7 macrophages, RAW264.7 cells were transfected and stimulated with oxLDL (100 µg/m1) for 48 h. Cell apoptosis was then assessed using an AnnexinV/PI cell apoptosis detection kit. The results demonstrated that compared with the blank group, the oxLDL group exhibited a significantly higher percentage of apoptotic cells (P<0.05). Compared with the oxLDL + mock group, the oxLDL + pRK5-TIPE2 group exhibited a further increase in macrophage apoptosis (P<0.05; Fig. 1C ). The activation of caspase-3 was detected via western blotting and the results revealed that the activation of caspase-3 in oxLDL-stimulated macrophages was significantly higher than those of the blank group. Additionally, the activation of macrophage caspase-3 was further enhanced following TIPE2 overexpression (P<0.05; Fig. 1D ). The results demonstrated that the overexpression of TIPE2 promotes the apoptosis of oxLDL-induced RAW264.7 macrophages.
TIPE2 inhibits the PI3K/AKT signaling pathway in macro-
phages. The PI3K/Akt signaling pathway is important for the regulation of apoptosis (16) . To assess whether TIPE2 regulates the Akt signaling pathway and to assess the molecular mechanism of macrophage apoptosis as regulated by TIPE2, the activation of Akt was determined via western blot. The results demonstrated that the phosphorylation of Akt in macrophages increased following stimulation with oxLDL (P<0.05; Fig. 2 ). However, Akt phosphorylation decreased following TIPE2 overexpression (P<0.05; Fig. 2 ). No significant differences were identified in the level of Akt alone in macrophages. These results indicate that TIPE2 promotes the apoptosis of xoLDL-induced macrophages, which may be associated with the negative regulation of the PI3K/Akt signaling pathway activation.
TIPE2 inhibits the inflammatory response of macrophages.
Inflammatory cell infiltration serves a key role in atherosclerosis (17) . To verify the effect of TIPE2 on the inflammatory response of oxLDL-induced RAW264.7 macrophages, western blotting and RT-qPCR were performed. The results indicated that when compared with the blank group, oxLDL treated macrophages exhibited a significantly increased mRNA and protein expression of TNF-α, IL-6 and MCP-1. These cells also exhibited a decreased IL-10 expression (P<0.05; Fig. 3 ). The results indicate that the inflammatory model was successfully constructed. Furthermore, compared with the oxLDL + mock group, the oxLDL + pRK5-TIPE2 group exhibited a decreased expression of TNF-α, IL-6 and MCP-1, and an increased IL-10 expression (P<0.05; Fig. 3 ).
Inhibition of macrophage migration by TIPE2.
The aforementioned results indicate that the overexpression of TIPE2 inhibits the expression of MCP-1. Therefore, a transwell assay was performed to detect changes in the migration of macrophages in each group. When compared with the blank group, the results revealed an increased macrophage migration in the oxLDL group (P<0.05; Fig. 4) . Furthermore, compared with the oxLDL + mock group, the oxLDL + pRK5-TIPE2 group inhibited cell migration (P<0.05), which was congruent with the previously mentioned results (Fig. 4) .
TIPE2 inhibits the activation of NF-κB in macrophages.
NF-κB serves a key role in the inflammatory response of oxLDL-induced macrophages (18) . In the current study, cells were treated with the pRK5-TIPE2 plasmid and with oxLDL (100 µg/ml). The results of western blotting revealed that, when compared with the blank group, oxLDL-treated macrophages exhibited increased levels of NF-κB p65 (S536) phosphorylation (P<0.05). Additionally, the oxLDL + pRK5-TIPE2 group exhibited a reduced phosphorylation of NF-κB p65 (S536; P<0.05; Fig. 5A ) compared with the oxLDL + mock group. The current study further assessed the effect of TIPE2 on the nuclear translocation of macrophage NF-κB via western blotting. The results revealed that, compared with the blank group, the oxLDL group exhibited an increased expression of NF-κB p65 (P<0.05; Fig. 5B ). The oxLDL + pRK5-TIPE2 group also presented a decreased NF-κB p65 expression compared with the oxLDL + mock group (P<0.05; Fig. 5B ). These results indicate that TIPE2 inhibits the activation of NF-κB in oxLDL-induced macrophages.
Discussion
As a chronic inflammatory arterial disease, atherosclerosis is reported to be involved in interplay between various types of cell types and cytokine networks, which may connect several cardiovascular risk factors to the immuno-inflammatory activation of the vascular wall (19) . Additionally, macrophages are the primary source of foam cells, which serve as indicators of atherosclerotic lesions (20) . The present study utilized RAW264.7 cells transfected with a TIPE2-expression plasmid to assess the role of TIPE2 in atherosclerosis. The results of the current study demonstrated that TIPE2 serves a protective role in atherosclerosis via its effect on macrophages.
Macrophages serve vital roles in all stages of atherosclerosis, which may result in heart attacks and strokes (21) . The current study revealed that TIPE2 promotes macrophage apoptosis and inhibits the inflammatory response and migration of macrophages. A previous study has indicated that the death and ability of macrophages to clear dead cells are key factors in determining the pathological stage and plaque stability of atherosclerosis (22) . It has been demonstrated that activated macrophages produce inflammatory cytokines, proteases, cytotoxic oxygen and nitrogen radical molecules that promote atherosclerosis (23, 24) . A previous study has also demonstrated that macrophage dysfunction reduces atherosclerosis in apolipoprotein E 2/2 mice (25) . Macrophage migration has also been reported to be associated with metastasis (26, 27) . Furthermore, the migration of macrophages is a primary cause of atherosclerotic plaques (4). TIPE2 also modulates inflammation and carcinogenesis (28) . TIPE2 is preferentially expressed in lymphoid tissues, and cells with TIPE2 knockout react strongly to the activation of toll-like receptors (TLR) and T cell receptors (29) . Previous evidence has also revealed that TIPE2 inhibits phagocytosis and oxidative stress in macrostress in macrophages by suppressing Rac GTPases (30) . Furthermore, highly expressed TIPE2 in macrophages has been demonstrated to function as a negative regulator of innate immunity via the suppression of TLR signaling (31) . A previous study has revealed that oxLDL exhibits a chemotactic effect on monocytes, promoting monocyte differentiation into macrophages, and also induces the release of pro-inflammatory cytokines by binding to cluster of differentiation 36 (32) . Furthermore, the expression of TIPE2 in macrophages has been determined to influence the degree of reactive oxygen species generation, which when increased, may trigger inflammatory responses leading to atherogenesis (31) . In line with the results of the present study, a previous study also reported that TIPE2 knockout and knockdown macrophages may produce more IL-6 and IL-12 following lipopolysaccharide stimulation (9) .
It has been reported that the increased phosphorylation of AKT at Ser/Thr sites is associated with the inhibition of cell apoptosis (33) . The expression of NF-κB and its gene cascade may be modulated by the PI3K/Akt signaling pathway, which serves an important role in cell proliferation, apoptosis and inflammation (34) . Furthermore, the expression of pro-inflammatory cytokines including IL-6 and TNF-α, are influenced by NF-κB and activator portein-1 activities (35) . The present study confirmed that TIPE2 inhibits the AKT signaling pathway and NF-κB activation in macrophages. It has been demonstrated that activated macrophages trigger the innate immune response and that the AKT pathway gathers inflammation and metabolic signals to modulate this response (36) . NF-κB is a key factor in tumorigenesis and development, which serves a unique role in the regulation of tumor macrophage and tumor cell function (37) . Additionally, NF-κB in macrophages not only induces inflammation but also promotes the activation of pro-inflammatory genes, including those of interferon-γ, and during the resolution of inflammation, NF-κB preferentially promotes the activation of anti-inflammatory genes such as IL-10, inducing macrophage apoptosis (38) . The movement of NF-κB into the nucleus also promotes the transcription of corresponding pro-inflammatory genes such as TNF-α and IL-1 (39) . As a negative regulator of immunity, TIPE2 deficiency contributes to the hyperactivation of the PI3K-Rac pathway as demonstrated by increased AKT, Rac, P21-activated kinase and interferon regulatory factor 3 (40) . Consistent with the results of the current study, Zhang et al (41) demonstrated that TIPE2 inhibits the phosphorylation of AKT. Furthermore, previous evidence has revealed that the elevated phosphorylation of c-Jun N-terminal kinase 1/2 (JNK1/2), p38 and inhibitory kappa B in TIPE2-deficient macrophages induced by ox-LDL, indicating that TIPE2 alleviates atherosclerosis by negatively regulating the JNK1/2, NF-kB and p38 pathways (31) .
In conclusion, the present study revealed that TIPE2 may serve a negative role in atherosclerosis by promoting macrophage apoptosis and inhibiting the macrophage inflammatory response via the negative regulation of the Akt signaling pathway and NF-κB. These results may not only advance our understanding of the mechanisms utilized by macrophages during atherosclerosis but also may lead to the development of TIPE2-based treatment strategies.
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